In Nigeria, genotype by environment interaction effect on maize grain yield is usually significant due to considerable variation in soil and weather conditions of the growing sites. This also complicates identification and selection of superior genotypes in a particular environment. Consequently a proper understanding of the effects of G x E interactions on varietal evaluation and cultivar recommendations is vital. This study was therefore conducted to evaluate performance of drought tolerant maize hybrids of different maturity groups. The first group comprised twenty-four extraearly yellow and the second comprised seventeen early white QPM hybrids, both obtained from the International Institute of Tropical Agriculture (IITA), Ibadan. The genetic materials were evaluated in replicated trials during the 2012 and 2013 growing seasons at the Teaching and Research Farm, University of Ilorin, in a typical Southern Guinea Savanna ecology of Nigeria. The effects of genotype (G), year (Y) and G × Y were found to be highly significant (P < 0·01) for grain yield in the extra-early yellow hybrids (EEYH) while among the early white QPM hybrids, genotypic (G) effect was significant only for days to silk and plant height. G x Y interactive effect was however significant only for days to silking. Hybrids EEYH-5, EEYH-27 and EWQH-3 were consistent among the top 5 ranking genotypes for both years in terms of grain yield, an indication for stability to this ecology. Correlation between grain yield and associated traits showed that ears per plant and plant height contributed significantly to grain yield in both groups. Regression analysis of grain yield and other associated traits also revealed that ears per plant contributed significantly to grain yield in extra early yellow hybrids while plant height contributed significantly in the early white QPM hybrids. Therefore, selection programme should give attention to ears per plant and plant height in the varieties intended for drought prone ecology of the Southern Guinea Savanna of Nigeria.
INTRODUCTION
The Savannah of West and Central Africa (WCA) has one of the greatest potential for maize production because of relatively higher incidence of solar radiation and lower incident of pest and 74 diseases during the cropping season (Badu-Apraku et. al., 2006) . Due to its nutrition importance in the livestock feed (Bolu and Ibikunle, 2009) , maize production has been reported to occupy large expanse of land (Bibinu et al., 2006) . However, moisture deficit conditions due to irregular rainfall pattern, mid-season and/or terminal drought which is accentuated by poor soil water holding capacity often limit maize yields in the zone (Olaoye and Omueti, 2006) . The importance of maize in Nigeria and the Sub-Saharan Africa (SSA) necessitates focusing research efforts on enhancing the potential of new maize varieties (open pollinated and/or hybrids) through breeding and agronomic practices to increase productivity under a wide range of environmental conditions including moisture deficit situation. This is because growing of high yielding and stable maize varieties will help to increase maize production and lead to improved living standards of the resource limited farmers.
Extra-early (80-85 days) and early (90-95 days) maturing maize varieties have been reported to contribute to food security and increased incomes of farmers especially in marginal rainfall areas of the west and central Africa (IITA R4D Review, 2013) . These groups of maize genotypes offer flexibility in planting dates which enables multiple plantings to spread the risk of crop failure due to delayed onset of rainfall, mid-season or terminal drought (Pswarayi and Vivek, 2007) . Recent research activities at the International Institute of Tropical Agriculture (IITA), Ibadan, have also resulted in the release of genotypes within each maturity class, genotypes with genes for drought tolerance (DT) that enhance their capacity to tolerate moisture deficit conditions occurring during flowering and grain -filling periods; thereby making them suitable for cultivation in marginal rainfall areas and situations where terminal drought can occur (IITA R4D Review, 2013) . However, the preliminary step in varietal release is to evaluate the genotypes for yield potential and adaptation to the environment where it is intended to be cultivated. According to Gurmu et al., (2009) , breeders in most cases look for a variety that has good mean performances over a large array of environments and years without considering the concept of stability. This approach is suitable if there is no GE. However, in most cases, there is interaction between genotypes and the environments. The authors further explained that some genotypes may be high yielding in few environments but have very low yields in other environments, while showing better mean performance across environments. Stability of yield of a cultivar across large production environments is essential for variety recommendation. Such cultivars must show superior performances under ideal growing conditions, produce acceptable yields under ideal growing conditions and with acceptable yields under less favourable environments. Consequently, Allard and Bradshaw (1964) as well as Eberhart and Russell (1966) ., defined a stable genotype as one that is capable of utilizing the resources available in high yielding environments with a mean performance that is above average in all environments. Finlay and Wilkinson (1963) , earlier concluded that stability is a function of the regression coefficient while adaptability is a function of the mean yield of the variety.
The regression approach has been used to elucidate the nature of the relationship between genotypic performance and the prevailing environmental conditions and thus characterize the response of genotypes to wide range of environmental conditions. The regression approach includes analysis of variance followed by a joint regression (JR) analysis to determine whether or not the genotype and environment interaction (GEI) is a linear function of the environmental effects. According to Perkins et al., (1973) , the use of the combined analysis of variance in the measuring of GE, when the cultivars are evaluated at different environments, but fails to explain the differential responses of the individual cultivars to the various environments. The authors also noted that the magnitude of the GE is a linear function of the environmental effects.
The regression approach has been used by several authors to partition the components of GEI to predict genotypic performance in many crops. Anley et al., (2013) Afzal et al., (2011) , assessed the performances and yield stability of nine (9) high yielding strains of wheat along with three (3) check varieties across diverse locations in two (2) consecutive years. Their results revealed a highly significant GE which explained the impact of environments in the expression of grain yields in the tested wheat genotypes. In the first year, var. MSH -14 had the highest overall mean yield. A non significant increase in grain yield was observed in the check environments and will do well as stress tolerant genotypes. Genotypes NIA -4/7 had an above b i indicating adaptability to favourable conditions.
Shrestha (2013), studied six (6) varieties of quality protein maize across 11 locations for two (2) years to determine their stability and identify superior genotypes. Results from Combined ANOVA showed that the mean square due to the environment was highly significant while GEI was nonsignificant. Their results further showed that genotype S99TLYQ -B produced the highest yield on the average across locations and years. Genotypes S03 TLYQ -AB02 and Ranpur S03FQ02 on the other hand, were better adapted to favourable environments while genotype S99T TLYQ -B was more adapted to harsh environments. Genotype S03TLYQ -AB02 was the most suitable. Gurmu et al., (2009) , conducted an experiment involving 20 soybean genotypes evaluated at five (5) different locations to determine their yield, stability and adaptability. The authors reported a very high significant difference among genotypes for grain yield. When the total sums of squares was partitioned for yield, oil content and protein content, the environment component of both yield and oil content took the largest portion while GE took the largest portion in the case of protein content.
Results from joint regression analysis revealed that none of the genotypes showed stability of performance for crude protein content but genotype Clark -63k was the most adapted. Both st nd genotypes G -9945 and Hardee -1 ranked 1 and 2 in stability but could not be considered stable since they were the least yielding genotypes for crude protein content, very unstable and specifically adapted to a single location.
MATERIALS AND METHODS

Source of Genetic Materials
The genetic materials used for this study comprised eighteen (18) Table 1 . Each set was planted as separate experiments, but beside each other in both years. The trials were laid in two-row plots in a randomized complete block (RCBD) with three replications, of 5 m long and at inter-row spacing of 75 cm and within row spacing of 40 cm. Three seeds were initially planted per hill but were later thinned to two (2) stands/hill three (3) weeks after planting (WAP). The trials were conducted under rain-fed condition during the full growing seasons.
Data Collection
Data were collected on days to emergence count at seven (7) and nine (9) days after planting, days to anthesis and silking, plant and ear heights, and other ear characteristics husk cover, ear rot as well as field weight. Emergence count was taken by counting the number of plants that germinated at 7 and 9 days after planting respectively while days to anthesis and silking were recorded as the number of days from planting when 50% of plants in a plot have shed pollen and had silk extrusion respectively. Plant and ear heights were recorded in centimetres (cm) from five random plants selected in a plot as distance from the ground level to the node bearing the flag leaf and the node bearing the uppermost ear from the same plants from which plant heights were recorded. Husk cover was rated on a scale of 1-5, where 1 = husks tightly arranged and extended beyond the ear tip and 5 = ear tips exposed while Ear rot was also rated on the scale of 1 to 5, where 1 = little or no visible ear rot and 5 = extensive visible ear rot. Anthesis-silking-interval (ASI) was computed as the difference between days to anthesis and days to silking. The weight of ears harvested in a plot was first recorded in kilogrammes/plot and later converted to grain yield (t/ha) assuming shelling percentage of 80% and adjusted to 12% moisture content from readings obtained from the moisture meter. The formula used is as stated below:
2 GYLD/ha = [Field weight x (100 -moisture %) x 0.8 (S) x 10,000 m / ha / (100 -12) x harvested area. Where S = Shelling percentage (%).
Data Analysis
Data collected and estimated were first subjected to individual analyses of variance (ANOVA) based on years followed by a combined ANOVA across years for each set of hybrids. Pertinent means were thereafter separated using the least significant difference (LSD) at 0.05 probability level (Steel and Torrie, 1980) . Further analysis was performed by subjecting the data to Regression analysis using the model.
RESULTS AND DISCUSSION
The results of the mean squares from the combined analysis of variance (AOV) for grain yield and related traits for the Early QPM white hybrids are presented in Table 2 . The two years had a significant effect (P <0.01) only on plant height and ears per plant while differences among the hybrids (G) was significant (P<0.05 or <0.01) days to flowering, plant height and grain yield. This implies that the genotypes differed significantly from one another for these traits, which corroborates to earlier reports from previous studies (Olaoye and Omueti, 2006; Gurmu et al., 2009; Adebo et al., (2010) . The interactive effects of G x Y was significant only for days to silking.
Among the extra-early yellow hybrids Climatic factors in the two years (Y) had a pronounced effect only on the expression of all the traits (Table 3) . However, the genotypes as well as the interactive effects of G x Y were significant for plant height, ears per plant and grain yield respectively. This suggests differential performance of the genotypes in this maturity group in each year of evaluation for these traits, probably in response to the differences in climatic factors in the two years of study. Significant G x Y for grain yield has also been reported in several studies (Aremu et al., 2007; Afzal et al., 2011; Anley et al., 2013) . However, all the traits were significantly affected by the difference in the factors of the environment in each year.
Means of grain yield and other related components in 17 Early White QPM Hybrids (Table 4 ) revealed a significant difference for grain yield and plant height among the hybrids, with EWQH-3 recording the highest yielding with about 125% yield advantage over EWQH-2 which was the lowest yielding hybrid in this group. Height of the plants appeared to influence grain yield as genotypes such as EWQH -3, EWQH -8 and EWQH -13 with high mean grain yield were also significantly taller than low yielding genotypes such as EWQH-2 and EWQH-6. This observation which is similar to earlier report of Bello et al., (2009) implies the existence of a positive correlation between grain yield and plant height.
Means of grain yield and other related components in 24 Extra-Early Yellow Hybrids showed that EEYH-5 was the highest yielding hybrid with about 140% advantage over EEYH-24 which was the lowest yielding hybrid (Table 4) . Furthermore, the hybrids that were high yielding also had higher ear placement and higher number of ears per plant relative to the low yielding hybrids (for example, EEYH -7 and EEYH -8) which was similar to the earlier report of Monneveux et al., (2006) .
The results of the Interactive effects of G x Y on grain yield in the 24 Extra-Early Yellow Hybrids (Table 5) showed that all the genotypes had better performance for grain yield in 2012 compared to 2013. This may be due to the prolonged moisture stress which occurred during the growing season of 2013 at the T & R farm, Ilorin. Hybrids EEYH-5 and EEYH-27 ranked among the high yielding genotypes in both years with respect to grain yield suggesting relative stability of performance. The two hybrids differed by more than 2.7 and 2.6 tons respectively in favour of the 2012 growing season thereby emphasizing the effects of environmental factors, especially moisture stress, on grain yield. Hybrid EEYH-24 was the lowest yielding genotypes in both years.
The nature of association between grain yield and related traits in the two groups of hybrids are presented in Table 6 . Among the early white QPM hybrids, ears per plant and plant height correlated positively with grain yield in both years while anthesis-silking-interval correlated positively with the same trait only in 2013 when there was prolonged moisture stress. Similar to the nature association in early white QPM hybrids, ears per plant correlated positively with grain yield in both years in the extra-early yellow hybrids. However, plant height correlated positively with grain yield only in 2012 cropping season. The positive correlation between ears per plant and grain yield is expected because it is one of the primary determinants of grain yield in maize especially under moisture deficit condition. Although days to silk had a negative association with grain yield (as expected), the association was non-significant. Previous studies have shown a positive correlation of ears per plant and plant height with grain yield and a negative correlation of days to silking with grain yield. (Bello et al., 2009; Ngugi et al., 2013) .
Regression of grain yield on yield related components (Table 7) revealed that plant height was the only trait that contributed significantly to grain yield (P <0.05) in the early white QPM hybrids. The coefficient of determination showed that 25.5% of the variation in grain yield was explained through plant height and ears per plant respectively. Conversely, ears per plant was the trait that contributed significantly to grain yield in the extra early yellow hybrids with coefficient of determination of >75%. Though, anthesis-silking-interval had a positive regression coefficient, its contribution was relatively negligible. Plant height had a negative regression coefficient against grain yield in this population probably because tall plants are usually prone to lodging which will reduce grain yield significantly.
The scatter plots of grain yield against related traits in the 17 early white QPM hybrids are presented in Figs. 1a-c. With respect to anthesis-silking-interval, the high yielding hybrids were clustered at the upper part of the line (Fig. 1a) while there was an upward movement of the grain yield as plant height increased. Hybrids at the plant height extremes were low yielding while those that yielded high were moderately tall (Fig.1b) . This corroborates earlier observations on the relationship between plant height and grain yield (Table 6 ). A similar relationship like anthesis-silking-interval existed between ears per plant and grain yield (Fig. 1c) as revealed by an upward movement of grain yield as ears per plant increased.
The scatter plots of grain yield against related traits in the 24 extra-early yellow hybrids (Figs 2a-c) also revealed an upward relationship between grain yield and anthesis silking interval (Fig. 2a) while there was a declining relationship between grain yield and plant height (Fig. 2b) . It was also observed that the hybrids with high grain yield were moderately tall. A steep upward movement of grain yield with a corresponding increase in ears per plant (Fig. 2c) showed that the high yielding hybrids were those that produced high number of ears per plant.
General Discussion
In this study, the expression of all the traits investigated was significantly affected by the factors of the environment in each year, particularly rainfall amount and distribution. For example, the genotypes attained days to silking faster in 2012 by 20 days compared to 2013. Consequently, grain yield was higher by more than 1.5 tons/ha in 2012. Anthesis-silking-interval for the genotypes in 2012 was also shorter by two (2) days than value obtained in 2013 (i.e. 4 days). Short anthesissilking interval ensures good nicking between pollen shed and silking which was probably responsible for the high grain yield in 2012. These attributes are desired in breeding for drought tolerance and have been shown by several studies to contribute significantly to increase in grain yield. (Banziger et al., 2000 , Monneveux et al., 2006 Bello et al., 2009; Ngugi et al., 2013) .Therefore, it can be deduced that performances of the individual hybrids were better in 2012 compared to those of 2013, which was probably due to the prolonged moisture stress experienced in 2013.
Hybrids EEYH-5, EEYH-27 among the extra early yellow hybrids and EWQH-3 from the early white QPM hybrid maintained consistency of performance with respect to grain yield in both years. Hence, these hybrids can be further tested in large plot size to validate their performance for grain yield. Furthermore, hybrid EEYH-5 which was superior for grain yield and also exhibit stability of performance for grain yield in the two years can be evaluated on farmers' fields for possible release. The extra early varieties should be given special attention since they can be cultivated in short period of rainy season in this ecology. 
